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® Digital video effects apparatus. 



© A digital video effects apparatus comprises an 
input (104) for receiving a digital input video signal 
representing the distribution of optical information 
over a video field, and a key signal generator (134; 
162; 166; 262) for providing a digital key signal that 
defines an area of the video field. A mask signal 
generator (302; 158; 174; 202; 234) provides a digital 
mask signal that defines at least a portion of said 
^.area of the video field. The digital mask signal is 
^combined witht he digital key signal to provide a 
modified digital key signal, and the input video sig- 
^ nai is acted on in accordance with the modified key 
Irt signal to provide an output video signal. 
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DIGITAL VIDEO EFFECTS APPARATUS 



Background of the Invention 

This invention relates to a digital video effects 
apparatus. 

In the digital effects apparatus that is sold by 
the Grass Valley Group, Inc. under the trademark 
Kaleidoscope, it is possible to apply certain effects 
only to selected areas of the video field. For exam- 
ple, effects that are known as input recursive ef- 
fects, bitmap effects, mosaics and defocus can be 
applied in predetermined areas of the field. The 
area in which the selected effect does not take 
place is defined by a mask signal, which is off 
(logical 0) where the effect is to be inhibited and is 
on (logical 1) where the effect is to be allowed. 

The Kaleidoscope video effects apparatus op- 
erates in the "shaped video domain, in which a 
video signal is multiplied by an associated crop (or 
key) signal that defines an area of the video field. 
The crop signal may, for example, be generated by 
a luminance key generator or a rectangle generator 
that forms part of the video effects apparatus. In 
some effects (mosaics and defocus) the crop signal 
is used as the mask signal because it allows use of 
a luminance key signal or a rectangle signal to 
define the area over which the effect is inhibited. 
However, in order to preserve the crop information 
for subsequent use, e.g. unshaping the video sig- 
nal, it is necessary for a device that uses the crop 
signal as a mask signal to regenerate the crop 
signal. Input recursive and bitmap effects employ 
mask signals that are different from the crop signal, 
and therefore do not necessitate regeneration of 
the crop signal. 

Summary of the Invention 



A preferred embodiment of the present inven- 
tion in a first aspect is a digital video effects 
apparatus comprising input means for receiving a 
digital input video signal representing the distribu- 
tion of optical information over a video field. A 
video bus, which propagates the video signal from 
the input means, includes at least first and second 
operating devices each having an input terminal for 
receiving a video signal over the video bus, an 
output terminal for providing an output signal on 
the video bus, and a control terminal for receiving a 
control signal that acts on the video signal received 
at the input terminal in order to provide the video 
signal at the output terminal, the input terminal of 
the first operating device being coupled to the 



input means and the output terminal of the first 
operating device being coupled to the input termi- 
nal of the second operating device. At least first 
and second processors receive respective input 

5 control signals each representing the distribution of 
an input control function over the video field and 
provide respective output control signals represent- 
ing the distribution of an output control function 
over the video field. Each processor has a modula- 

10 tion input terminal for receiving an modulation sig- 
nal that represents the distribution of a modulating 
function over the video field, whereby the output 
control function is related to the input control func- 
tion by at least the modulating function. Means are 

15 operative selectively to apply the output control 
signals provided by the first and second proces- 
sors to the control terminals of the first and second 
operating devices respectively. A spatial pattern 
generator generates a pattern signal that repre- 

20 sents a boundary between two portions of the 
video field, and a control bus has an input terminal 
connected to the spatial pattern generator for re- 
ceiving the pattern signal and has at least first and 
second output terminals. Means are operative se- 

25 lectively to connect the first and second output 
terminals of the control bus to the modulation input 
terminals of the first and second processors re- 
spectively. 

A preferred embodiment of the present inven- 
30 tion in a second aspect is a method and apparatus 
for processing a digital input video signal repre- 
senting the distribution of optical information over a 
video field. A digital key signal that defines an area 
of the video signal a digital mask signal that de- 
35 fines at least a portion of the area defined by the 
key signal are provided. The digital mask signal 
and the digital key signal are combined to provide 
a modified digital key signal, and the first input 
video signal is acted on in accordance with the 
40 modified key signal to provide an output video 
signal. 



Brief Description of the Drawings 

45 

For a better understanding of the invention, and 
to show how the same may be carried into effect, 
reference will now be made, by way of example, to 
50 the accompanying drawings, in which: 

FIGS. 1A, 1B and 1C, taken together, are a 
simplified block diagram of a digital video effects 
apparatus embodying the present invention, and 

FIGS. 2A and 2B illustrate portions of re- 
spective video fields as an aid to understanding the 
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invention. 



Detailed Description 



The illustrated digital video effects apparatus 
has a video input terminai 100 at which a video 
signal is received in digital form. The signal re- 
ceived at the terminal 100 might be received in 
digital form from other apparatus, or it might be 
received in analog form and converted to digital 
form in the illustrated apparatus by an analog-to- 
digital converter (not shown). The video signal may 
be either shaped or unshaped, as discussed in 
United States Patent No. 4,851,912 issued July 25, 
1989, the disclosure which is hereby incorporated 
by reference herein. A second signal is received at 
a terminal 102. The second signal may be a video 
signal, but if the signal received at the terminal 100 
is shaped, the signal received at the terminal 102 is 
the key signal associated with the shaped video 
signal. Since the signal received at the terminal 
102 serves a keying function, it is referred to 
hereinafter as a key signal. The key signal might 
be received in digital form from other apparatus, or 
it might be received in analog form and converted 
to digital form in the illustrated apparatus. 

The video signal and the key signal (if present) 
are applied to respective frame buffers 104 and 
106 in order to bring the signals into proper time 
relationship. The output signal of the video frame 
buffer is applied to an unshaper 108, which re- 
ceives the output signal of the key frame buffer 
106, and provides two output video signals on lines 
110 and 112 respectively. If the input signal is 
shaped, the signal on the line 112 is generated by 
unshaping the video signal, in the manner de- 
scribed in the above-mentioned U.S. Patent No. 
4,851,912, and the signal on the line 110 is the 
shaped video signal. If the input video signal is 
unshaped, unshaped video signals are provided on 
the lines 110 and 112. 

The signal on the line 110 is applied succes- 
sively to a picture crop multiplier 114, an external 
key multiplier 116, a luminance key multiplier 118, 
a color suppressor and foreground shaper 120, a 
matte fill mixer 122, and a wipe key multiplier 124. 
The multipliers 114, 116, 118 and 124, the color 
suppressor and foreground shaper 116 and the 
mixer 122, which are used to perform effects, 
might be designed to act on a video signal having 
a different range from the signal received at the 
terminal 100, in which event the unshaper converts 
the video signal that it receives from the frame 
buffer to the proper range. 

The picture crop multiplier 114 receives a crop 
rectangle signal, which is generated by a crop 



rectangle generator 126 and defines a rectangular 
area within the video field, at its second input. 
Accordingly, the video signal provided by the pic- 
ture crop multiplier 114 to the external key multi- 

5 plier 116 is spatially limited by the crop rectangle. 
The second input of the mulitplier 1 16 is connected 
to a switch 130. 

The key signal received at the terminal 102 is 
applied through the key frame buffer 106 to an 

w external key generator 134, The external key gen- 
erator 134 provides an external key signal, which 
may be used in performing effects. The devices 
that receive the external key signal might be de- 
signed to act on a key signal that has a different 

75 range from the signal received at the terminal 102, 
in which event the external key generator converts 
its input signal to the proper range. 

The external key generator 134 comprises a 
clip and gain circuit 138, which may be of the form 

20 described in United States Patent No. 4,771,192 
issued September 13, 1988. The clip and gain 
circuit acts on the key signal in accordance with a 
clip level and a gain factor applied to the ciip and 
gain circuit by mixers 142 and 146 respectively. 

25 The mixers 142 and 146 receive clip levels and 
gain factors that are selected by the operator to 
achieve a desired effect and combine them under 
control of a mix control signal received from a 
■ switch 150 to provide the clip level and gain factor 

30 that are applied to the clip and gain circuit. The 
output signal of the clip and gain circuit 138 is the 
external key signal, and is applied to a switch 154. 

The switch 154 has a mask position (upper 
position shown in FIG. 1A) and a crop position 

35 (lower position). In the crop position, the switch 154 
applied the external key signal to the switch 130 
and also applied it to a crop bus multiplier 170, and 
applies a logical 1 to the control input of a mask 
bus mixer 174. The multiplier 170 also receives the 

40 crop rectangle signal provided by the crop rectan- 
gle generator 126, and therefore the output signal 
provided by the multiplier 170 is the intersection of 
the crop rectangle and the external key signal. In 
the mask position, the external key signal is ap- 

45 plied to the mixer 174 and a logical 1 is applied to 
the switch 130 and the multiplier 170. 

In the event that the video signal received at 
the terminal 100 is shaped, the clip levels applied 
to the mixer 142 are each zero and the gain factors 

so applied to the mixer 146 are each one, and the mix 
control signal received from the switch 150 is logi- 
cal 1, and therefore the external key signal cor- 
responds to the key signal received at the terminal 
102, adjusted to the proper range. The switch 130 

55 is set to apply a logical 1 to the second input of the 
multiplier 116, and therefore the output signal of 
the multiplier 116 is the shaped video signal, limit- 
ed by the crop rectangle. The switch 154 may be 
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in either its mask position or its crop position. 

If the video signal received at the terminal 100 
is unshaped, the operator selects clip levels and 
gain factors for the mixers 142 and 146 and may 
set the switch 150 to receive a mask signal from a 
mask bus mixer 158. The mask signal may be, for 
example, a horizontal ramp, so that the external 
key signal provided by the clip and gain circuit 1 38 
represents a linear transition across the field from 
the output signal provided in response to one pair 
of clip and gain values to the output signal pro- 
vided in response to the other pair of clip and gain 
values. In this case, the switch 154 is placed in Its 
crop position and the external 1<ey signal provided 
by the external key generator 134 is applied 
through the switches 154 and 130 to the second 
input of the external kqy multiplier 116, and there- 
fore the multiplier 116 shapes the output signal of 
the multiplier 114 using the external key signal. 

The illustrated apparatus also comprises a lu- 
minance key generator 162, which performs a 
level-sensitive keying operation, in that it generates 
a key signal that depends on the level of a video 
signal. It is normal that the key signal generated by 
a luminance key generator depends only on the 
luminance of the video signal. However, the level of 
a shaped video signal depends on both the lu- 
minance of the corresponding unshaped video sig- 
nal and on the level of the associated key signal, 
and therefore, for example, a shaped video signal 
that is 50% gray and fully opaque has the same 
level as a signal that is 100% white and 50% 
transparent Therefore, the video signal that is ap- 
plied to the luminance key generator 162 is the 
unshaped video signal provided on the line 112. A 
chroma key generator 166 also performs a level- 
sensitive keying operation and for similar reasons 
receives the unshaped video signal. 

If the luminance key generator 162 is active, it 
generates a luminance key signal that depends on 
the luminance of the unshaped video signal re- 
ceived on the line 112. In areas of high luminance, 
the luminance key signal is logical 1 and in areas 
of low luminance, the luminance key signal is logi- 
cal 0. 

The luminance key generator 162 is similar to 
the external key generator 134, in that it comprises 
a clip and gain circuit 178 and two mixers 182 and 
186. The clip and gain circuit provides an output 
signal that reflects application of the clip level and 
gain factor provided by the mixers 182 and 186 
respectively to the luminance level of the unshaped 
video signal. The mixers 182 and 186 each receive 
a mix control signal from a switch 190. The mix 
control signal may be either logical 1 or a mask 
signal provided by the mixer 174. As will be ex- 
plained below, the mask signal can have any one 
of a wide range of waveforms. If, for example, it is 



desired that the luminance key generator respond 
to a given luminance level in a different fashion at 
the top and bottom of the field respectively, the 
operator can select two sets of clip levels and gain 

5 factors and cause the mixer 1 74 to provide a mask 
signal having a vertical ramp waveform. The output 
signal of the clip and gain circuit 178, which is the 
luminance key signal, is a result of applying a 
linear mix between the clip levels and a linear mix 

10 between the gain factors to the luminance level of 
the video signal. 

The luminance key signal is applied to a switch 
194 having a mask position and a crop position. In 
the crop position, the luminance key signal is ap- 

15 plied to a crop bus multiplier 198 and to the 
luminance key multiplier 118 and a logical 1 is 
applied to the control input of a mask bus mixer 
202. In the mask position of the switch 194, the 
luminance key signal is applied to the control input 

20 of the mixer 202, and the multipliers 118 and 198 
each receive a logical 1 and therefore pass their 
respective input signals unchanged. 

The chroma key generator 166 provides a 
chroma key signal that depends on the chromin- 

25 ance of the unshaped video signal. For example, 
the chroma key generator may be used to generate 
a key signal from an unshaped foreground video 
signal that represents a foregound subject in front 
of a solid blue screen. In such a case, it is gen- 

30 eraily desired that the key signal be logical 0 for 
points of the video signal that represent the blue of 
the screen and be logical 1 elsewhere. The chroma 
key signal is used to control combination of the 
foregound video signal with a signal representing a 

35 background scene: in the output signal, the area for 
which the key signal is logical 0 is provided by the 
background signal and the area for which the key 
signal is logical 1 is provided by the foregound 
signal. 

40 The chroma key generator comprises a hue 

mixer 206 which receives two input hue values and 
provides an output hue value, which depends on 
the input hue values and a mix control signal, and 
also comprises a saturation mixer 210 which re- 

45 ceives two input saturation values and provides an 
output saturation value, which depends on the two 
input saturation values and the mix control signal. 
Thus, the output hue and saturation values repre- 
sent a linear mix between one pair of hue and 

50 saturation values and the other pair of hue and 
saturation values. The mixers 206 and 210 receive 
mix control signals from a switch 214. The mix 
control signal may be either logical 1 or a mask 
signal provided by the mask bus mixer 202. The 

55 output hue and saturation values are applied to a 
chroma key circuit 218, which also receives the 
unshaped video signal and provides an output sig- 
nal that is logical 0 for areas of the field for which 
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the hue and saturation values correspond to the 
hue and saturation values provided by mixers 206, 
210 and is logical 1 elsewhere. If, in the example 
discussed above, the blue screen appears to be a 
slightly different color at one edge of the field from 
the other edge (for example due to lighting effects), 
by selecting one pair of input hue and saturation 
values for one edge of the field and another pair of 
input hue and saturation values for the other edge 
of the field, and employing the mixer 202 to apply 
a horizontal ramp to the mixers 206 and 210 by 
way of the switch 214, it is possible for the oper- 
ator to cause the chroma key circuit to be respon- 
sive to a chrominance value that changes across 
the field. 

The output signal of the chroma key circuit 218 
is applied as operand input to a logical operator 
circuit 222, which receives an operator input from a 
switch 226, which is connected to the mixer 202. 
The logical operator circuit 222 may perform any of 
numerous logical operations on the output signal of 
the chroma key circuit 218, using the signal re- 
ceived by way of the switch 226, in order to 
provide the chroma key signal. For example, if the 
signal received by way of the switch 226 is logical 
1 over the field except for a circle in which it is 
logical 0, and the logical operation is an intersec- 
tion, the chroma key signal is forced to zero within 
the circle and outside the circle corresponds to the 
output signal of the circuit 218. 

The chroma key signal is applied to a switch 
228, which has a mask position and a crop posi- 
tion. In the crop position of the switch 228, the 
chroma key signal is applied to a crop bus multi- 
plier 230, which receives the output of the multi- 
plier 198, and to the color suppressor and fore- 
ground shaper 120, and a logical 1 is applied to the 
control input of a mask bus mixer 234. The color 
suppressor and foreground shaper receives a 
shaped video signal from the multiplier 118 and 
detects those areas of the scene represented by' 
the shaped video signal which are of a selected 
color. In the case of the example, the selected 
color would be the blue of the screen. The color 
suppressor and foreground shaper converts the 
areas of the scene that are of the selected color to 
grey, and performs an intersection with the chroma 
key signal received from the switch 228. In the 
mask position of the switch 228, the chroma key 
signal is applied to the control input of the mixer 
234, and the multiplier 230 and the color suppres- 
sor and foreground shaper 120 each receive a 
logical 1. The multiplier 230 passes its input signal 
unchanged. The color suppressor and foreground 
shaper performs its color suppressor operation, 
and the intersection operation has no effect on the 
video signal. 

The output signal of the multiplier 230 is ap- 



plied to both a matte fill multiplier 238, which also 
receives a signal provided by a matte fill generator 
242, and a crop bus multiplier 246. 

The mask bus mixer 234 provides a mask 
5 signal which is applied to switches 250, 254 and 
258, which are connected respectively to the matte 
fill generator 242, the multiplier 122 and a wipe key 
generator 262. The matte fill generator 242 com- 
prises two flat matte generators 266, 270, repre- 
10 senting different respective colors, whose output 
signals are mixed by a mixer 274 under control of 
the signal received from the switch 250. If the 
switch 250 selects the mask signal provided by the 
mixer 234, and the operator causes the mask sig- 
75 nai to be a vertical ramp, the matte fill generator 
will generate a matte signal that represents a verti- 
cal wash from one color to the other. 

The output signal of the matte fill generator 
242 is applied to the multiplier 238, which limits the 
20 matte signal in accordance with the key signal 
provided by the multiplier 230, and the limited 
matte signal is mixed with the shaped video signal 
provided by the color suppressor and foreground 
shaper 120 in the mixer 122. The mixer 122 re- 
25 ceives its mix control signal from the switch 254. 
The mix control signal can be logical 1 (pass 
shaped video unchanged), logical 0 (replace 
shaped video with shaped matte, optionally modu- 
lated by the mask signal) or the mask signal 
30 (replace shaped video with shaped matte selec- 
tively, in accordance with the mask signal). 

The wipe key generator 262 comprises a wipe 
solid generator 278, a wipe solid modulator 282 
and a clip and gain circuit 286. The switch 258 can 
35 select logical 1 or the mask signal provided by the 
mixer 234. In the event that the switch selects 
logical 1 , the wipe solid provided by the wipe solid 
generator 278 is applied unchanged to the clip and 
gain circuit. If the switch 258 selects the mask 
40 signal, the wipe solid is modulated in accordance 
with the mask signal before being applied to the 
clip and gain circuit. The output signal of the clip 
and gain circuit 286 is a wipe key signal and may 
be considered to define a boundary between two 
45 parts of the field. The shape of the boundary is 
determined by the input signal received by the clip 
and gain circuit 286, and its position and softness 
are determined by the clip level and gain factor 
applied by the clip and gain circuit. Numerous 
so different waveforms, such as vertical and horizontal 
ramps, circles and squares, can be generated us- 
ing a wipe key generator. The boundary defined by 
the wipe key signal can be translated under oper- 
ator control. The boundary may define a closed 
55 figure, and in this case the size of the figure can be 
enlarged or reduced under operator control. The 
manner in which the wipe key generator operates 
is described in United States Patent No. 4,805,022 
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issued February 14, 1989. The wipe key signal 
provided by the wipe key generator 262 is applied 
to a switch 290, which has a mask position and a 
crop position. In the mask position, the wipe key 
signal is applied to the control input of the mixer 
158, and the switch 290 applies a logical 1 to the 
multipliers 124 and 246. In the crop position, the 
switch 290 applies the wipe key signal to the 
multipliers 124 and 246 and applies a logical 1 to 
the control input of the mixer 158. It will be appre- 
ciated that timing of the operation of the wipe key 
generator 262 must be adjusted depending on 
whether the wipe key signal is applied to the crop 
bus multiplier 246 or the mask bus mixer 158. 

The shaped video signal and its associated key 
signal, provided by the multipliers 124 and 246 
respectively, are applied to a video combiner 294 
which aiso receives a second video signal and its 
associated key signal. In the context of the weather 
forecast discussed previously, the multiplier 124 
would provide the signal representing the fore- 
caster against a blue background (suppressed to 
grey), and the second video signal would be the 
signal provided by the character generator. The 
accompanying key signal associated with the sec- 
ond video signal would be a uniform logical 1 
throughout the field. The combiner combines the 
two video signals and the two keys in the manner 
described in Patent No. 4,851,912, and provides as 
its output a single shaped video signal and an 
associated key signal. The video signal and key 
signal provided by the combiner 294 are applied to 
an output processor 298, which may unshape the 
video signal using the associated key signal, add a 
background matte to any areas of the field that are 
not occupied by the video signal, and convert the 
range of the video signal to the range used in other 
apparatus. If the video signal is to be applied to 
apparatus that utilizes a key signal, the output 
processor converts the key signal to the appro- 
priate range and provides an output key signal 
also. The combiner and output processor may, for 
example, be of the kind employed in the Kaleido- 
scope digital video effects apparatus. 

As noted previously, the mask bus mixer 158 
receives its mix control input from the switch 290. 
The mixer receives its signal inputs from a mask 
rectangle generator 302, which generates a signal 
that defines a rectangular area of the video field, 
and a force/inhibit switch 306, which can select 
either a logical 1 or a logical 0. The output signal 
Mask out provided by the mixer 158 is given by 
the following equation: 

Mask out = Mask in * Control + Force/inhibit * (1- 
Control) 

where Mask in is the signal received from the mask 
rectangle regenerator, Control is the signal re- 
ceived from the switch 290, and Force/inhibit is the 



signal received from the switch 306. It will therefore 
be seen that if the switch 290 is in the crop 
position, so that Control is 1, the mask rectangle 
signal is passed unchanged by the mixer 192. In 

5 this case, the mask signal provided by the mixer 
158 simple defineds a limited area of the video 
field. On the other hand, if the switch 290 is in the 
mask position and the force/inhibit switch 306 se- 
lects logical 0, the mixer 158 performs an intersec- 

io tion operation on the wipe key signal and the mask 
rectangle. In this case, the mask signal is logical 0 
outside the mask rectangle and conforms to the 
wipe key signal inside the mask rectangle. If the 
mask rectangle is coextensive with the crop rectan- 

is gle, the wipe key generator 262 may then cause 
the mask signal to be, for example, a vertical or 
horizontal ramp over the entire field. If the switch 
290 Is in the mask position and the switch 306 
selects logical 1, the output signal of the mixer 158 

20 is logical 1 for points on one side of the boundary 
defined by the wipe key signal and is the mask 
rectangle signal for points on the other side of the 
boundary. For example, FIGS. 2A and 2B illustrate 
the effect of mixing a mask rectangle signal 

25 (horizontal shading) with a wipe key signal defining 
a circle. In the case of FIG. 2A, the wipe key signal 
has a value of logical 1 (vertical shading) inside the 
circle and logical 0 (diagonal shading) outside the 
circuit, whereas FIG. 2B illustrates the effect that is 

30 achieved when the wipe key signal is logical 0 
inside the circle and logical 1 outside the circle. 

The mask signal provided by the mixer 158 is 
applied to one of the signal inputs of the mixer 174 
and to the switch 150. The switch 150 can select 

35 either the mask signal provided by the mixer 158 
or logical 1. If the switch 150 selects logical 1, only 
one pair of clip and gain values is effective. Other- 
wise, the clip and gain values applied to the clip 
and gain circuit are a linear mix between the two 

40 pairs of values that are applied to the mixers 142 
and 146, and the external key signal is the result of 
applying this linearly mixed pair of values to the 
input key signal. For example, if the operator 
wished to inhibit the effect of the input key signal 

45 over a selected area of the field, this could be 
accomplished by setting one pair of clip and gain 
values to the normal values for the desired effect 
and the other pair of clip and gain values so that 
the external key signal is the same as the input key 

so signal when that pair of values is selected, using 
the mask rectangle generator 302 to define the 
selected area of the field, setting the switch 290 to 
the crop position and using the switch 1 50 to select 
the output of the mixer 158. As the mask signal 

55 changes from logical 1 to logical 0 across the 
boundary of the selected area of the field, the 
external key signal blends between the result of 
applying the normal pair of clip and gain values to 
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the input key signal and the input key signal itself. 

The mixer 174 receives the mask signal pro- 
vided by the mixer 158 as one signal input and 
receives a logical 1 or logical 0, selected by a 
force/inhibit switch 310, as its other signal input 
The switch 154 provides the mix control input for 
the mixer 174, and the output signal of the mixer 
174 is applied to the mixer 202 and can be applied 
to the luminance key generator 162 through the 
switch 190. 

The mixers 202 and 234 are connected to the 
outputs of the mixers 174 and 202 respectively, 
force/inhibit switches 314 and 318, and the switch- 
es 194 and 228, The mask signal provided by the 
mixer 234 may be applied to the matte fill gener- 
ator 242, the matte insert mask mixer 122 or the 
wipe key generator 262. The latter connection is 
not permitted if the switch 290 is in the crop 
position. 

the switches 154, 194, 228 and 190 allow the 
key signals provided by the respective key gener- 
ators 134, 162, 166 and 262 to be used either to 
limit the key signal provided by the crop rectangle 
generator 126 or to control the mixing of the mask 
"signal provided by the mask rectangle generator 
302 with logical 1 or logical 0. In the event that the 
latter function is selected, the mask signal is ap- 
plied to a subsequent key generator or the matte 
fill generator, whose output signal is used to limit 
the key signal. 

By use of the illustrated apparatus, it is possi- 
ble to override selectively the normal operation of a 
key generator. For example, in the context of the 
chroma key generator, it is possible to use the crop 
rectangle generator 126 to define a template at an 
area in the field at which the blue screen shows 
through in the background. Regardless of the op- 
eration of the multipliers 170 and 198, the output 
signal of the multiplier 230 will be logical 0 within 
that area. Therefore, when the video signal pro- 
vided by the multiplier 124 is combined with back- 
ground video signal under control of the key signal 
provided by the multiplier 246, the foreground sig- 
nal will be forced to 0 within the area of the 
template and the background signal will be occupy 
that area. Alternatively, if there are blue elements in 
the foregound subject and those blue elements 
should not be eliminated, the wipe key generator 
262 may be used to generate a signal defining an 
area that contains those blue elements. This signal 
can then be used to inhibit the chroma key gener- 
ator within the area defined by the wipe key signal, 
with the result that the background scene does not 
appear at the location of the blue elements. This 
may be achieved, for example by applying the 
wipe key signal through the mixers 158, 174 and 
202 and the switch 226 to the logical operator 
circuit 222, which is set to perform a union opera- 



tion. Over the visible area of the blue screen, the 
output signal of the chroma key circuit 218 is 
logical 0 and over the area of the foreground sub- 
ject, except the blue elements, the output signal of 

5 the chroma key circuit is logical 1. Over the area of 
the blue elements, the mask signal is logical 1 and 
is logical zero elsewhere. Therefore, the chroma 
key signal is logical 0 over the visible area of the 
blue screen and is logical 1 elsewhere, including 

io over the blue element of the foreground subject. 

In the illustrated apparatus, the mask rectangle 
generator 302 and the key generators 134, 162, 
166 and 262 are potential mask signal generators, 
while the key generators 134, 162, 166 and 262, 

75 the matte fill generator 242 and the matte fill mixer 
122 are potential mask signal users. By connecting 
the switch 290 to the mixer control input of the 
mixer 1 58, instead of connecting the mask rectan- 
gle generator 302 directly to the mixer 174, a wider 

20 range of effects can be achieved, since the wipe 
key generator can be placed at the beginning of 
the mask bus when if functions as a mask signal 
generator while it remains at the end of the mask 
bus when it functions as a mask user. 

25 It will be appreciated that the invention is not 

restricted to the particular embodiment that has 
been described, and that variations may be made 
therein without departing from the scope of the 
invention as defined in the appended claims and 

30 equivalents thereof. For example, the order in 
which the mask signal generators and the mask 
signal users appear in the signal flow is not critical. 
The order that is selected is chosen to place mask 
signal generators upstream of mask signal users. In 

35 the described embodiment of the invention, the 
wipe key generator can function either as a mask 
signal generator or as a mask signal user, whereas 
the external, luminance and chroma key generators 
can each function simultaneously as both a mask 

40 signal generator and a mask signal user, and their 
positions in the sequence of users and generators 
cannot readily be adjusted. 



45 Claims 

1 . A digital video effects apparatus comprising: 

(a) input means (104, 106, 108) for receiving 
a digital input video signal representing the dis- 

50 tribution of optical information over a video field. 

(b) means (106; 154; 162; 166; 242; 262) for 
providing a digital key signal that defines an area 
of the video field, 

(c) means (302, 158, 174, 202, 234) for pro- 
55 viding a digital mask signal that defines at least a 

portion of said area of the video field, 

(d) means (134; 178; 166; 262) for combin- 
ing the digital mask signal with the digital key 
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signal and providing a modified digital key signal, 
and 

(e) output means (116, 118, 122, 124, 294) 
for acting on the input video signal in accordance 
with the modified key signal to provide an output 5 
video signal. 

2. Apparatus according to claim 1 , wherein the 
input means comprise means (104, 106) for receiv- 
ing first and second digital input video signals each 
representing the distribution of optical information 10 
over a video field, and the output means comprise 
means for combining the first and second input 
video signals under control of the modified key 
signal. 

3. Apparatus according to claim 1 , wherein the 75 
means for providing a digital mask signal comprise 
means (302; 158; 174; 202) for providing a first 
digital signal that defines a first region of the video 
field, means (262; 134; 162; 166) a second digital 
signal that defines a second region of the video 20 
field, and means (158; 174; 202; 234) the first and 
second digital signals to provide said digital mask 
signal. 

4. Apparatus according to claim 3, wherein the 
means for combining the first and second digital 25 
mask signals comprise a mixer (158; 174; 202; 
234) having a first signal input terminal connected 

to receive the first digital signal, a second signal 
input terminal connected to receive a selected logi- 
cal signal, and a mix control input terminal con- 30 
nected to receive the second digital signal. 

5. Apparatus according to claim 1 , wherein the 
means for providing a digital key signal comprise 
means (126; 170; 198; 230) for providing a first 
digital signal that defines a region of the video 35 
field, means (134; 162; 166; 262) providing a sec- 
ond digital signal that defines a second region of 

the video field, and means (170; 198; 230; 246) for 
combining the first and second digital signals to 
provide said digital key signal. 40 

6. Apparatus according to claim 5, wherein the 
means for combining the first and second digital 
signals comprise a multiplier (170; 198; 230; 246). 

7. Apparatus according to claim 1, comprising 

a mixer (174; 202; 234; 246) having a first signal 45 
input terminal connected to receive the digital 
mask signal, a second signal input terminal con- 
nected to receive a selected logical signal, and a 
mix control input terminal, and the apparatus also 
comprises switch means (154; 194; 228; 290) se- 50 
lectively operable to apply the digital key signal 
either to the output means or 
to the control input terminal of the mixer. 

8. Apparatus according to claim 1 , wherein the 
means for providing a digital key signal comprise 55 
an external key generator (134) for receiving a key 
signal and providing an external key signal in re- 
sponse thereto. 



9. Apparatus according to claim 1, wherein the 
means for providing a digital key signal comprise a 
crop rectangle generator (126) for providing a digi- 
tal key signal that defines a rectangular area of the 
video field. 

10. Apparatus according to claim 1, wherein 
the means for providing a digital key signal com- 
prise a luminance key generator (162) for receiving 
a video signal and providing a luminance key sig- 
nal, the level of which depends on the luminance of 
the video signals. 

11. Apparatus according to claim 1, wherein 
the means for providing a digital key signal com- 
prise a color-selective key generator (166) for re- 
ceiving a video signal and generating a key signal 
that depends on the chrominance of the video 
signal. 

12. Apparatus according to claim 1, wherein 
the means for providing a digital key signal com- 
prise a wipe key generator (262) for providing a 
wipe key signal that defines a boundary between 
two areas of the video field. 

13. Apparatus according to claim 1, wherein 
the means for providing a digital key signal com- 
prise means (242) for providing at least first and 
second digital signals and means (274) for combin- 
ing the first and second digital signals in a selected 
fashion to provide the digital key signal. 

14. Apparatus according to claim 1, wherein 
the means for providing a digital mask signal com- 
prise a mask rectangle generator (302) for provid- 
ing a signal that defines a rectangular portion of 
said area of the video field. 

15. Apparatus according to claim 1, wherein 
the means for providing a digital mask signal com- 
prise an external key generator (134) for receiving 
a digital key signal and providing an external key 
signal in response thereto and means (174) for 
combining the external key signal with at least one 
other digital signal to provide the digital mask sig- 
nal. 

16. Apparatus according to claim 1, wherein 
the means for providing a digital mask signal com- 
prise a mask rectangle generator (302) for provid- 
ing a first digital signal, which defines a rectangular 
area of the video field, and means (158) for com- 
bining the first digital signal with at least one other 
digital signal to provide the digital mask signal. 

17. Apparatus according to claim 1, wherein 
the means for providing a digital mask signal com- 
prise a luminance key generator (162) for receiving 
a video signal and providing a digital luminance 
key signal, the level of which depends on the 
luminance of the video signal, and means (202) for 
combining the luminance key signal with at least 
one other digital signal to provide the digital mask 
signal. 

18. Apparatus according to claim 1, wherein 
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the means for providing a digital mask signal com- 
prise a color-selective key generator (166) for re- 
ceiving a video signal and generating a digital 
chrominance key signal that depends on the 
chrominance of the video signal, and means (222, 
234) for combining the chrominance key signal with 
at least one other digital signal to provide the 
digital mask signal. 

19. Apparatus according to claim 1, wherein 
the means for providing a digital mask signal com- 
prise a wide key generator (262) for providing a 
wipe key signal that defines a boundary between 
two areas of the video field, and means (158) for 
combining the wipe key signal with at least one 
other signal to provide the digital mask signal. 

20. Apparatus according to claim 1, wherein 
the means for providing a digital mask signal com- 
prise means (242) for providing first and second 
digital signals and means (274) for combining the 
first and second digital signals in a selected fashion 
to provide the digital mask signal. 

21. Apparatus according to claim 1, comprising 
means (262) for receiving the digital mask signal 
and generating a spatially varying video signal in 
response thereto, and means (124) for combining 
the spatially varying video signal with the input 
video signal. 

22. A digital video effects apparatus compris- 
ing: 

(a) input means (104, 108, 114) for receiving 
a digital input video signal representing the dis- 
tribution of optical information over a video field, 

(b) a video bus (116; 118; 120; 122; 124) for 
propagating the video signal from the input means, 
the video bus including at least first and second 
operating devices (116, 118, 120, 122, 124) each 
having an input terminal for receiving a video signal 
over the video bus, an output terminal for providing 
an output signal on the video bus, and a control 
terminal for receiving a control signal that acts on 
the video signal received at the input terminal in 
order to provide the video signal at the output 
terminal, the input terminal of the first operating 
device (116) being coupled to the input means and 
the output terminal of the first operating device 
being coupled to the input terminal of the second 
operating device (118). 

(c) at least first and second processors (134, 
162, 166, 262) for receiving respective input control 
signals each representing the distribution of an 
input control function over the video field and pro- 
viding respective output control signals represent- 
ing the distribution of an output control function 
over the video field, each processor having a mod- 
ulation input terminal for receiving a modulation 
signal that represents the distribution of a modulat- 
ing function over the video field, whereby the out- 
put control function is related to the input control 



function by at least the modulation function, 

(d) means (154, 130; 194; 228; 290) oper- 
ative selectively to apply the output control signals 
provided by the first and second processors to the 

5 control terminals of the first and second operating 
devices respectively, 

(e) a spatial pattern generator (262) for gen- 
erating a pattern signal that represents a boundary 
between two portions of the video field, 

w (f) a control bus (158, 174, 202, 234) having 

an input terminal connected to the spatial pattern 
generator for receiving the pattern signal and hav- 
ing at least first and second output terminals, and 

(g) means (150, 190, 214, 258) operative 
75 selectively to connect the first and second output 

terminals of the control bus to the modulation input 
terminals of the first and second processors re- 
spectively. 

23. Apparatus according to claim 22, wherein 
20 the first and second operating devices comprise 

respective multipliers (116, 118). 

24. Apparatus according to claim 22, wherein 
at least one of the first and second processors 
comprise a device selected from the group consist- 

25 ing of an external key generator (134), a luminance 
key generator (162), a chrominance key generator 
(166), and a wipe key generator (262), 

25. Apparatus according to claim 22, wherein 
the spatial pattern generator comprises a wipe key 

30 generator (262). 

26. Apparatus according to claim 22, further 
comprising: 

(h) a crop bus (170, 198, 230, 246) having a 
first input terminal for receiving an input key signal 

35 defining an area of the video field, a second input 
terminal for receiving the output control signal of 
the first processor, and means for combining the 
signals received at the first and second input termi- 
nals to provide a modified key signal, and 

40 (i) means (294) for acting on the digital video 

signal in accordance with the modified key signal 
to provide an output video signal. 

27. A method of carrying out a video effect 
employing a digital input video signal representing 

45 the distribution of optical information over a video 
field, comprising: 

(a) providing a digital key signal that defines 
an area of the video field, 

(b) providing a digital mask signal that de- 
50 fines a portion of said area of the video field, 

(c) combining the digital mask signal with 
the digital key signal and providing a modified 
digital key signal, and 

(d) acting on the input video signal in accor- 
55 dance with the modified key signal to provide an 

output video signal. 
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